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© Fluorine-containing copolymer and process for preparing the same. 



© The invention provides: a fluorine-containing copolymer comprising methyl methacrylate and at least one 
long-chain fluoroalkyl methacrylate and having a light transmittance of about 90% or more; a method of 
preparing the copolymer; and an optical fiber using the copolymer as the cladding material. 



CM 
< 

CD 

in 
o 



CO 
CO 

o 

CL 
Hi 



Xerox Copy Centre 



EP 0 331 056 A2 



FLUORINE-CONTAINING COPOLYMER AND PROCESS FOR PREPARING THE SAME 



Field of the Invention 



The present invention relates to fluorine-containing copolymers, and more particularly to fluorine- 
5 containing copolymers suitable for use as materials for producing claddings for plastics optical fibers. 



Background of the Invention 

TO 

It is known to use, as a material for producing claddings for optical fibers, a polymer or a copolymer 
comprising fluoroalkyl methacrylate represented by the formula 

75 ^ H 3 



CH 2 =CCOO(CH 2 ) m (CF 2 ) n X 



wherein X is hydrogen atom, fluorine atom or chlorine atom, m is an integer of 1 to 6 and n is an integer of 
2 to 10 (e.g. Japanese Examined Patent Publication No.8978/1968) 

However, a significantly turbid copolymer is formed by bulk copolymerization of said monomer and 
methyl methacrylate (MMA). The turbidity of the copolymer is caused presumably because the fluoroalkyl 
methacrylate having a long molecular chain becomes difficult to diffuse at the latter stage of polymerization. 

In preparation of fluorine-containing polymers useful as materials for forming claddings for optical fibers, 
bulk or mass polymerization is preferably conducted because this method eliminates the need of a 
suspension stabilizer as used in suspension polymerization and an emulsifying agent as used in emulsion 
polymerization, and can avoid the possibility of contaminant being introduced during the purification of the 
polymer. 

To inhibit the turbidity, a bulk polymerization method has been proposed for forming a terpolymer (e.g., 
in Japanese Unexamined Patent Publication No.66706/1986) which comprises: 
(1) 30 to 60% by weight of a comonomer represented by the formula 



?3 



I 

CH 2 =CCOO ( CH 2 ) 2 ( CF 2 ) 7 CF 3 



(2) 20 to 50% by weight of a comonomer reprec3nted by the formula 




CH 2 =CCOOCH 2 (CF :? ) n X 

wherein X is hydrogen atom or fluorine atom, and n is an integer of 1 to 4, and 
(3) 20 to 50% by weight of MMA. 

The proposed method, however, is limitative in giving a terpolymer comprising the combination of three 
comonomers (1) to (3). Further the method gives a turbid terpolymer when using 20% by weight or more of 
the comonomer (3) and 20% by weight or less of the comonomer (2). Moreover, the method is ineffective in 
forming a copolymer comprising long-chain fluoroalkyl methacrylate and MMA, or a terpolymer comprising 
said comonomers and methacrylate having branched fluoroalkyl group. In this case, a turbid polymer is 
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produced by the methofi. „ 

Summary of the Invention 

5 

It is an object of this invention to provide a fluorine-containing copolymer or terpolymer having good 
transparency and a process for preparing the same. 

The present invention provides a fluorine-containing copolymer comprising methyl methacrylate and at 
?o least one long-chain fluoroalkyl methacrylate and having a light transmittance of about 90% or more. 

Detailed Description of the Invention 
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Preferred fluorine-containing copolymers according to the present invention include, for example, 
(A) a copolymer having a light transmittance of 90% or more and comprising: 
(a) about 50 to about 95% by weight of fluoroalkyl methacrylate represented by the formula 



CH 2 =CCOO(CH 2 ) 2 C n F 2n+1 (I) 



wherein n is an integer of 6 to 10, and 

(b) about 5 to about 50% by weight of methyl methacrylate; and 

(B) a terpolymer or a quadripolymer having a light transmittance of 90% or more and comprising: 
3Q (a) about 50 to about 95% by weight of fluoroalkyl methacrylate represented by the formula 

CH 3 



CH 2 =CCOO(CH 2 ) 2 C n F 2n+1 (I) 



wherein n is an integer of 6 to 10, 

(b) about 5 to about 50% by weight of methyl methacrylate, and 

(c) 0 to about 40% by weight of at least one of fluoroalkyl methacrylate represented by the formula 

CHr, X 

CH 2 =CCOOC(CF 2 ) m Y (II) 
X' 

wherein X and X each independently represent hydrogen atom, methyl group or ethyl group, Y is hydrogen 
atom or fluorine atom and m is an integer of 4 to 10, and fluoroalkyl methacrylate represented by the 
formula 

CH, CP, 
I I 

CH 2 =CCOOCH 2 CCH 3 (III) 
CF 3 
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Preferable examples of the fluoroalkyl methacrylates represented by the formula (I) are those wherein n 
is 6, 7 or 8. 

5 Preferable examples of the fluoroalkyl methacrylates represented by the formula (II) are those wherein 
X, x' and Y are hydrogen and m is 4, 6, 8 or 10, and those wherein X and x' are methyl group and Y is 
hydrogen and m is 4, 6, 8 or 10. 

The term "light transmittance" used herein denotes the percent intensity of transmitted light based on 
the intensity of incident light (T %) of a sheet determined at a wavelength of about 450 to about 88 nm by a 
70 ultraviolet visible spectrometer, said sheet being 2 mm in thickness formed by press molding a fluorine- 
containing copolymer at 180 to 250 C. 

The fluorine-containing copolymer of the invention has a light transmittance of about 90% or more, 
preferably about 95% or more. 

The fluorine-containing copolymer of the invention usually has a flow rate of about 10 to about 400 g/10 
75 minutes as determined by using Koka type flow tester (Shimadzu Seisakusho Ltd., Japan) which pushes the 
polymer out of a nozzle (2 mm in diameter and 8 mm in length) at a load of 7 kg/cm 2 after having kept the 
polymer at 230* C for 5 minutes. 

In copolymerizing methyl methacrylate and at least one long-chain fluoroalkyl methacrylate according to 
the invention, a solvent in which the resulting copolymer can be dissolved is used in an amount of about 0.1 
20 to about 20 parts by weight per 100 parts by weight of the total monomers. 

Our research has revealed that the solvent capable of dissolving the copolymer serves as a turbidity 
inhibitor when used in an amount of about 1 to about 20 parts by weight per 100 parts by weight of the total 
monomers. The present invention has been accomplished on the basis of this novel finding. 

The term "long-chain fluoroalkyl methacrylate" used herein refers to one which contains fluoroalkyl 
25 group having 6 or more carbon atoms such as fluoroalkyl methacrylate represented by the formula 




CH 2 =CCOO(CH 2 ) 2 C n P 2n+1 

wherein n is an integer of 6 to 10. 

Examples of solvents useful in the invention are ketones such as acetone, methyl ethyl ketone, methyl 

3C isobutyl ketone and the like, acetates such as ethyl acetate, butyl acetate and the like, fluorine-type solvents 
such as metaxylene hexafluoride, 1,1,2-trifluoro-1,2,2-trichloroethane and the like and chlorine-type solvents 
such as 1,1,1,-trichloroethane, 1,2-dichloroethane and the like. These solvents may be used singly or in a 
mixture of at least two kinds. Preferred solvents are those having a boiling point of about 50 to about 150° C 
among which metaxylene hexafluoride is more preferred. 

4Q The amount of solvent of less than about 0.1 part by weight per 100 parts by weight of the total 
monomers results in formation of a turbid polymer. On the other hand, if more than about 20 parts by 
weight of the solvent is used, the molecular weight is markedly reduced and the polymerization rate is 
lowered as in solution polymerization. Furthermore, excess use of the solvent necessitates reprecipitation to 
separate the copolymer from the solvent and requires removal of increased amount of solvent, resulting in 

a5 higher production costs and in necessity of cumbersome procedure. A preferred amount of the solvent is 
about 1 to about 15 parts by weight per 100 parts by weight of the total monomers. 

Usable as a polymerization initiator are usual radical polymerization initiators such as 
azobisisobutyronitrile, benzoylperoxide or the like. 

Polymerization methods which can be performed in this invention include continuous bulk polymeriza- 

CQ tion. batchwise bulk polymerization, casting bulk polymerization and like usual methods. The polymerization 
is carried out at a temperature in the range of room temperature to about 100* C, preferably about 50 to 
about 80* C. 

It is possible in this invention to use an agent for controlling the polymerization degree such as dodecyl 
mercaptan or the like. 

55 Upon completion of polymerization, the polymer is heated to a temperature of about 150 to about 
200* C under reduced pressure of 100 mmHg or lower to distill off the solvent (turbidity inhibitor) and the 
monomer residue. 

The thus obtained copolymer has high transparency and exhibits outstanding light transmitting property 
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when used as a material for producing claddings for optical fibers. 

In preparing optical fibers, the cladding* material of the invention is used in combination with a core 
material which is usually higher by at least 3% in refractive index than the cladding. Core materials to be 
surrounded by the cladding material of the invention are not limited and include polymethyl methacrylate, 
5 polystylene, polycarbonate, polyester, etc. 

The optical fiber comprising the combination of the cladding material of the invention and such core 
material exhibits improved properties such as greatly reduced optical transmission loss, etc. 

to Examples 



The present invention will be described below in greater detail with respect to the following Examples 
and Comparison Examples. 

75 

Example 1 

20 A 75 part quantity of a monomer of the formula 




^ CH 2 =CCOOCH 2 CH 2 ( CF 2 ) ? CF 3 

(hereafter referred to as 17 FMA) as purified by distillation under reduced pressure, 25 parts of methyl 
methacrylate, 0.04 part of n-lauryl mercaptan, 0.025 part of azobisisobutyronitrile and 11 parts of metax- 
ylene hexafluoride were mixed together in the absence of oxygen. Copolymerization was conducted for 18 
30 hours in a reactor containing the mixture and maintained at 70° C. The resulting copolymer was dried under 
reduced pressure at 170° C for 10 hours, giving 98 g of a copolymer in a yield of 98%. The flow rate of the 
copolymer was 100 g/10 min (230° C, load of 7 kg/cm 2 ). The copolymer was pressed at 230° C to form a 
sheet of 2 mm thickness. Visual inspection shows that the sheet was colorless and transparent and had a 
light transmittance of 95%. 

35 

Example 2 



A 60 part quantity of 17 FMA as purified by distillation under reduced pressure, 20 parts of methyl 
methacrylate, 20 parts of hexafluoroneopentyi methacrylate, 0.03 part of n-lauryl mercaptan, 0.025 part of 
azobisisobutyronitrile and 11 parts of metaxylene hexafluoride were mixed together in the absence of 
oxygen, Copolymerization was conducted in a similar manner as in Example 1, giving 98 g of a copolymer 
in a yield of 98%. The flow rate of the copolymer was 90 g/10 min (230* C, load of 7 kg/cm 2 ). The 
copolymer was pressed at 230 " C to form a sheet of 2 mm thickness. Visual inspection shows that the 
sheet was colorless and transparent and had a light transmittance of 95%. 



Example 3 

SOr 

65 part quantity of 17FMA as purified by distillation under reduced pressure, 20 parts of methyl 
methacrylate, 15 parts of 

55 
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I 3 I 3 
CH 2 =CCOOC(CF 2 ) 4 H 

s CH 3 

0.025 part of n-lauryl mercaptan, 0.025 part of azobisisobutylonitrile and 11 parts of metaxylene hex- 
afluoride were mixed together in the absence of oxygen. Copolymerization was carried out in the similar 
ro manner as in Example 1 to produce 98 g of a copolymer in a yield of 98%. The flow rate of the copolymer 
was 105 g/10 min (230° C, load of 7 kg/cm 2 ). 

A sheet prepared in the same manner as in Example 1 was colorless and transparent and had a light 
transmittance of 95%. 



Example 4 



A copolymer (97 g, yield = g7%) was produced in a similar manner as in Example 3 with the exception 
20 of using 1 5 parts of 

? H 3 



25 



CH 2 =CCOOCH 2 (CF 2 ) 5 H 

in place of 15 parts of 

3G C H 3 ^3 

CH 2 =CCOOC(CF 2 ) 4 H 
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CH 3 

The flow rate of the copolymer was 103 g/10 min (230* C, load of 7 kg/cm 2 ). 

A sheet formed in the same manner as in Example 3 had a light transmittance of 95%. 



Comparison Example 1 



A copolymer was produced by carrying out the same procedure as in Example 1 with the exception of 
not using metaxylene hexafluoride. The copolymer was pressed at 230 °C to form a sheet of 2 mm 
thickness. Visual inspection shows that the sheet was turbid and had a light transmittance of 85%. 



Comparison Example 2 

A copolymer was produced by carrying out the same procedure as in Example 2 with the exception of 
not using metaxylene hexafluoride. The copolymer was pressed at 230 C to form a sheet of 2 mm 
thickness. Visual inspection shows that the sheet was turbid and had a light transmittance of 85%. 



Example 5 
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With use of the polymer .of Example. 1 (refractive index = 1 .398) as the cladding material and 
polymethylmethacrylate (1 mm in diameter) as the core material, a cladded fiber was conjugate spun at 
250° C and then stretched to 1.7 times the original length to give an optical fiber of 700 urn in diameter. 

The optical transmission loss measured with use of an LED light source at a wave length of 650 nm 
was 180 dB/km. 



Comparison Example 3 



An optical fiber was prepared in a similar manner as in Example 5 with the exception of using the 
copolymer obtained in Comparison Example 1 as the cladding material. 

The optical transmission loss measured in the same manner as in Example 5 was 1000 dB/km. 



Claims 

1. A fluorine-containing copolymer comprising methyl methacrylate and at least one long-chain 
fluoroalkyl methacrylate and having a light transmittance of about 90% or more. 

2, A fluorine-containing copolymer having a light transmittance of 90% or more and comprising: 
(a) about 50 to about 95% by weight of fluoroalkyl methacrylate represented by the formula 




CH 2 =CCOO(CH 2 ) 2 C n P 2n+1 

wherein n is an integer of 6 to 10, and 

(b) about 5 to about 50% by weight of methyl methacrylate 

3. A fluorine-containing copolymer having a light transmittance of 90% or more and comprising: 
(a) about 50 to about 95% by weight of fluoroalkyl methacrylate represented by the formula 




CH 2 =CCOO(CH 2 ) 2 C n F 2n+1 

wherein n is an integer of 6 to 10, 

(b) about 5 to about 50% by weight of methyl methacrylate, and 

(c) 0 to about 40% by weight of at least one of fluoroalkyl methacrylate represented by the formula 

CH 2 =CCOOC(CF 2 ) m Y 
X' 

wherein X and X each independently represent hydrogen atom, methyl group or ethyl group, Y is hydrogen 
atom or fluorine atom and m is an integer of 4 to 10, and fluoroalkyl methacrylate represented by the 
formula 
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CH-, CFo 

I 3 I 3 
CH 2 =CCOOCH 2 CCH3 

CF 3 



4. A material for forming a cladding for optical fibers which material is the fluorine-containing copolymer 
to as defined in claim 1. 

5. A material for forming a cladding for optical fibers which material is the fluorine-containing copolymer 
as defined in claim 2. 

6. A material for forming a cladding for optical fibers which material is the fluorine-containing copolymer 
as defined in claim 3. 

75 7. A method for preparing a fluorine-containing copolymer, the method being characterized in that a 
solvent capable of dissolving the resulting copolymer is used in an amount of about 0.1 to about 20 parts 
by weight per 100 parts by weight of the total monomers in copolymerization of methyl methacrylate and at 
least one long-chain fiuoroalkyl methacrylate. 

8. A method according to claim 7 wherein a fluorine-containing copolymer is prepared which comprises: 

20 (a) about 50 to about 95% by weight of fiuoroalkyl methacrylate represented by the formula 



CH 2 =CCOO(CH 2 ) 2 C n F 2n+1 



wherein n is an integer of 6 to 10, and 

(b) about 5 to about 50% by weight of methyl methacrylate. 

9. A method according to claim 7 wherein a fluorine-containing copolymer is prepared which comprises: 
(a) about 50 to about 95% by weight of fiuoroalkyl methacrylate represented by the formula 



35 




CH 2 =CCOO(CH 2 ) 2 C n F 2n+1 



wherein n is an integer of 6 to 10, 

(b) about 5 to about 50% by 

(c) 0 to about 40% by weight of at least one of fiuoroalkyl methacrylate represented by the formula 



40 (b) about 5 to about 50% by weight of methyl methacrylate, and 



I i 
CH 2 =CCOOC(CF 2 ) m Y 



wherein X and x' each independently represent hydrogen atom, methyl group or ethyl group, Y is hydrogen 
atom or fluorine atom and m is an integer of 4 to 10, and fiuoroalkyl methacrylate represented by the 
formula 
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CH 3 ' CF 3 



CH 2 =CCOOCH 2 CCH 3 



CF 3 



10. A method according to claim 7 wherein the solvent capable of dissolving the copolymer is 
;o metaxylene hexafluoride. 

11. In an optical fiber comprising a cladding and core, the improvement wherein said cladding 
comprises a fluorine-containing copolymer of claim 1. 

12. In an optical fiber comprising a cladding and core, the improvement wherein said cladding 
comprises a fluorine-containing copolymer of claim 2. 

rs 13. In an optical fiber comprising a cladding and core, the improvement wherein said cladding 
comprises a fluorine-containing copolymer of claim 3. 
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© The invention provides: a fluorine-containing 
copolymer comprising methyl methacrylate and at 
least one long-chain fluoroalkyl methacrylate and 
having a light transmittance of about 90% or more; a 
method of preparing the copolymer; and an optical 
fiber using the copolymer as the cladding material. 
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